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0 Rash EPROM cell and method of making such celL 



© A flash EPROM cell is fabricated using a two 
polysificon enhancement mode n-channel transistor 
process. An active transistor region is formed in a 
silicon substrate (14) by growing a field oxide (16) 
around the region. A first polysificon layer is depos- 
ited, etched, and oxidised to form an insulated con- 
trol gate electrode (18). A second polysificon layer is 
deposited over the active transistor region and the 
control gate electrode (18) and then anisotropically 
etched to remove all of the second polysificon ma- 
terial except for a filament (20) adjacent to the con- 



trol gate electrode (18), which forms a floating gate 
electrode (20). Source and drain regions (10, 12) are 
formed in the active transistor region with the control 
gate electrode (18) and the floating gate electrode 
(20) positioned over the channel region interconnec- 
ting the source and drain regions. The cell is pro- 
grammed by hot electron channel current injection 
by proper voltage biasing of the control gate elec- 
trode (18) and drain (12). The cell can be either 
symmetrical or asymmetrical depending on the con- 
figuration of the floating gate filament electrode (20). 



CM 



CM 

o> 
oo 

CO 



LLI 




Xerox Copy Centre 



1 



EP 0 389 721 A2 



2 



This invention relates to a flash EPROM cell 
and a method of making such cell. 

The EPROM cell is an electrically program- 
mable device in which charge is selectively cap- 
tured on a floating gate positioned between the 
control gate and the channel region of a field-effect 
transistor. In programming the floating gate, hot 
electron channel current injection results from ap- 
plying a high voltage on the control gate and the 
drain of the transistor. Electrons from the channel 
current are injected to the floating gate and cause 
V\ of the transistor to increase. A programmed 
EPROM cell is erased by applying ultraviolet fight 
to the cell. Therefore, packaged EPROM cells re- 
quire a window in the package for illuminating the 
cell with ultraviolet fight 

The EEPROM cell is electrically programmable 
and electrically erasable. A thin oxide layer is pro- 
vided between a floating gate and either the source 
of drain electrode to permit the tunnelling of elec- 
trons through the oxide layer for programming and 
erasing the cell. However, while the EEPROM cell 
obviates the need for ultraviolet light radiation for 
erasure, the cell structure is larger due to the need 
tor a. select transistor cascoded to the memory 
transistor for proper bit erasure. 

Flash EEPROM structures are known in which 
an entire memory array can be erased at the same 
time during an erase operation. Electron tunnelling 
is employed in the erasing of the cells. The need 
for a thin tunnelling oxide layer as weO as the use 
of split gate structures in which the control gate 
overlaps the floating gate leads to production yield 
problems as well as increased cell size. 

According to the invention there is provided a 
flash EPROM cell comprising a semiconductor 
body having a surface region of one conductivity 
type, first and second doped regions of opposite 
conductivity type formed in said surface region, 
said first and second regions being spaced and 
forming source and drain regions of said cell with 
the surface region therebetween forming a channel 
region of said cell, an insultative layer over said 
channel region, a control gate contact positioned 
on said insulative layer between said source and 
drain regions, and a floating gate contact posi- 
tioned on said insulative layer between said source 
and drain regions, said floating -gate contact being 
spaced from and generally coplanar with said con- 
trol gate contact and overlapping at least one of 
said source and drain regions. 

Also according to the invention there is pro- 
vided a method of making a flash EPROM cell, 
comprising the steps ot- 

a) defining an active transistor region in the 
surface of a semiconductor body of a first con- 
ductivity type; 

b) forming an insulative layer over the sur- 



face of said active transistor region; 

c) forming a control gate electrode on said 
insulative layer in an intermediate portion of said 
active transistor region; 
5 d) forming an insulative layer over said con- 

trol gate electrode; 

e) forming a floating gate electrode adjacent 
to and generally coplanar with said control gate 
electrode on said insulative layer; and 

to f) forming source and drain regions in said 

active transistor region, said source and drain re- 
gions being spaced apart by a channel region, said 
control gate electrode and said floating gate elec- 
trode overlying said channel, region. 

is The invention provides a flash EPROM cell in 

which programming and erasure do not require a 
tunnelling oxide layer. 

Briefly a flash EPROM cell is made by forming 
a control gate structure from a first doped poly- 

20 silicon material over an active transistor region in a 
semiconductor body. The control gate in the first 
^pofysilicon layer is defined by selective etching 
and then the surface of the control gate is insulated 
by an oxide., for example. A second doped pory- 

25 silicon layer is then formed over the active transis- 
tor region and over the insulated control gate struc- 
ture. Importantly, the second poiysificon layer is 
thicker around the edges of the control gate struc- 
ture. Consequently, the second polysiRcon layer 

30 can be etched by anisotropic etchant or reactive 
ion etch to remove the second polysificon material 
above the control gate structure while a portion of 
the second polysilicon material remains around the 
periphery of the control gate structure. This re- 

35 maining portion becomes a coplanar filament float- 
ing gate for use in programming the cell. 

Thereafter, the source and drain regions are 
formed by introducing dopants into the active re- 
gion adjacent to the filament floating gate structure. 

40 Subsequent heat treatment causes diffusion of the 
dopants under a portion of the filament electrode 
so that the filament floating gate overlies at least 
one of the source and drain regions. 

In one embodiment, the filament is around the 

45 periphery of the control gate on both the source 
and drain sides and the structure is symmetrical in 
. structure. In another embodiment, the filament 
floating gate is retained on only one side of the 
control gate and the structure is asymmetrical. If 

so the filament is on both sides of the control gate, the 
filament can be connected by a conductive bridge 
over the control gate, thereby allowing READ and 
PROGRAM control from the sam side and obviat- 
ing the need for drain/source switching. 

55 -in forming the source and drain regions, pr fer- 
abfy both arsenic and phosphorus n-type dopants 
are introduced into the active regions. By using a 
higher concentration of arsenic than phosphorus, 
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the faster-diffusing phosphorus will form a more 
graduai dopant profile with the p- doped channel 
region. This provides a higher junction breakdown 
voltage and facilitates the requisite gate-assisted 
breakdown needed to erase a cell. 

The resulting structure has the control gate 
electrode and the floating filament gate electrode in 
series across the channel region between the 
source and drain of the memory transistor. When a 
cell is programmed as a "1" to conduct current 
upon application of a READ voltage to the control 
gate, the filament gate will be charged to effect a 
depletion mode int he underlying channel region. 
However, the channel region under the control gate 
is still in enhancement mode and no leakage cur- 
rent flows between the source and drain except 
during a READ cycle. Conversely, when the cell is 
programmed as a "0" with no current flow during a 
READ cycle, charge on the floating filament elec- 
trode prevents conduction across the channel be- 
tween the source and drain during a READ cycle. 

In the symmetrical structure, the programming 
of a cell entails hot electron channel current injec- 
tion by applying high voltage on the control gate 
(e.g. + 12 V) and on the drain (e.g. + 7 V) while the 
source is grounded. Electrons from the channel 
current are injected to the floating filament elec- 
trode and cause V t of the transistor to go high. 
Thus the cell is non-conductive during a READ 
cycle. 

Erasing of the cell is done by hole injection in 
a gate- assisted avalanche breakdown mode. The 
control gate is grounded and the source (or drain) 
is biased at +7 V while the drain (or source) is 
biased at 15+ V. The + 7V on one element is 
encessary to avoid the device experiencing punch- 
through by -M5V on the other element This 
causes the floating filament electrode to be 
charged by positive holes, thus rendering the chan- 
nel region under the filament electrode to be in 
depletion mode. Erasure can be done on selected 
cells allowing the design feature of "byte erase". 

With the asymmetrical structure, the source 
and drain electrodes must be reversed during the 
programming and READ modes. However, the 
asymmetric structure permits a virtual ground de- 
sign with the cells arranged as an "X" array. 

The invention will now be described by way of 
example with reference to the drawings, in which:- 

Fig. 1 is a sectional view of a flash EPROM 
transistor cell in accordance with one embodiment 
of the invention; 

Rg. 2 and Rg. 3 are alternative top views of 
th call of Fig. 1; 

Rg. 4 is an electrical schematic of the cell of 

Rg. 1; 

Rg. 5 is a portion of a memory array using 
th cell of fig. 1; 



Figs. 6A-6L are sectional views illustrating 
steps in fabricating the cell of Fig. 1; 

Rg. 7 is a sectional view of another embodi- 
ment of a flash EPROM cell in accordance with the 
5 invention; 

Rg. 8 is a top view of the cell of Rg. 7; 

Rg. 9 is an electrical schematic of the cell of 
Rg. 7; and 

Rg. 10 is a plan view of a portion of a 

70 memory array using the cell of Fig. 7. 

Referring now to the drawings, Fig. 1 is a 
sectional view of one embodiment of a flash EP- 
ROM transistor cell in accordance with the inven- 
tion. The cell comprises an enhancement-mode 

75 field-effect transistor having n- source region 10 
and an n+ drain region 12 fabricated in a p- 
substrate 14. A silicon oxide layer 1 6 is formed on 
the surface of the substrate 14 above the source 
10 and drain 12. A poly silicon control gate 18 is 

20 provided on the oxide layer 1 6 between the source 
and drain regions, and a poly silicon filament float- 
ing Qate electrode 20 is formed around the periph- 
ery of the control gate 1 8 and overlaps the source 
10 and drain 12, as illustrated. 

25 Rg. 2 is a plan view of the cell of Rg. 1 in 

accordance with one embodiment in which the 
filament electrode 20 completely surrounds the pe- 
riphery of the control electrode 18 with the filament 
electrode 20 overlapping the source 10 and drain 

30 12, illustrated in dotted lines. The control gate 18 is 
formed in a first polysilicon layer (poly 1 ) 22 which 
interconnects other control gates in one column of 
an array of such cells. 

Rg. 3 is an alternative plan view of the cell of 

35 Rg. 1 in which the floating filament electrode 20 is 
formed on either side of the control gate 18 and 
overlaps the source 10 and drain 12. In this em- 
bodiment the two portions of the filament electrode 
20 are interconnected by a conductive bridge 24 

40 over the control gate 18. The width of the bridge 
can be the same as the filaments, and the bridge 
width will change the programming efficiency. 

As will be described more fully below with 
reference to figs. 6A-6L, the control electrode 18 

45 and the floating gate electrode 20 can be fab- 
ricated in a dual polycrystalFine silicon process in 
which the control gate is formed from a first poly- 
silicon layer and the floating filament electrode for 
^programming the cell Is fabricated from a second 

50 polysilicon layer. The control electrode and the 
portions of the floating electrode are generally 
coplanar and are not overlapping, except for the 
bridge 24 in the embodiment of Rg. 3. 

Rg. 4 is an electrical schematic of the cell of 

55 Rg. 1 in which the portions of th floating gate 
electrode 20 and the control gate electrod 18 
effectively form three serially-connected channel 
regions between the sourc and drain as illustrated. 
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The serial enhancement transistor prevents current 
flows between the drain and source when the gate 
is grounded. Accordingly, when the cell is pro- 
grammed for a "1", there is no leakage current 
when the cell is not being read. 

Fig. 5 is a plan view of a portion of a memory 
array using the flash EPROM cell structure of Fig. 
1. It will be noted that the poiysificon 1 layers are 
formed in vertical columns with the control gates of 
all transistors in each column being interconnected 
by the poly 1 layer. The source regions of adjacent 
transistors are interconnected by common n + 
source fines as illustrated. The drains of ail transis- 
tors in horizontal rows are interconnected by metal- 
lization (not shown). 

In programming the flash EPROM cells of Rg. 
1, hot electron channel current injection to the 
floating gate 20 is effected by applying a high 
voltage {e.g. 12 volts) to the control gate 18 and a 
high voltage (e.g. +7 volts) to the drain 12 with the 
source 10 allowed to float The symmetrica] struc- 
ture allows the source and drain to be interchanged 
in the programming, READ and erase modes. Elec- 
trons from the channel cunent are injected to the 
Poly 2 filament and cause the V, of the Poly 2 
filament channel regions to go high. Since the cell 
has the Poly 2 filament transistors in series with the 
Poly 1 control gate transistor, the V, of the cell 
becomes high and the cell is in an "off" state ("0" 
stored). 

Erasing of the cell is done by hole injection in 
a gate-assisted breakdown mode. The control gate 
18 (Pory 1) is grounded and the source 10 (or drain 
12) is biased at 7 volts with the drain 12 (or source 
10) biased to more than 15 volts. This causes the 
filament Poly 2 electrodes to be charged by posi- 
tive holes, forcing the Poly 2 filament channel 
regions to a depletion mode. However, the V, of the 
cell is limited by the V, of the series Poly 1 control 
gate electrode enhancement transistor, thus pre- 
venting the cell from going to a depletion mode. 
The V, of the transistor is low in this mode with the 
transistor programmed as a "1 *. 

The cell structure of Fig. 1 is readily fabricated 
using a standard poiysificon process employing a 
Poly 1 layer and a Pory 2 layer. Figs. 6A-6L are 
sectional views illustrating steps in the fabrication 
of the flash EPROM transistor cell of Rg. 1. 

Initially, as shown in Fig. 6A, a 20 ohm-cm p~ 
type silicon substrate 30 is provided. In Rg. 6B a 
silicon oxide layer 31 and a silicon nitride layer 32 
are formed on the surface of the substrate 30. 
Next, in Rg. 6C, the active regions of transistors 
are masked by photoresist 33, the nitride layer 32 
and the oxide layer 31 then being removed thereby 
exposing portions of the substrate 30. In Rg. 6D, a 
field implant region and a field oxidation region 35 
is formed in the expos d surface areas of the 



substrate 30 in accordance with standard process- 
ing techniques. 

Thereafter, in Fig. 6E. a boron implant region 
36 is formed in the active transistor regions of the 

5 substrate to adjust V t to 0.5 volt. The oxide is then 
stripped from above the active transistor region and 
the gate oxide is regrdwn. A first doped poiysificon 
layer 37 is formed over the surface of the substrate 
and then etched as shown in Rg. 6G to lorm the 

to control gates 38 and ^oxidised as shown at 39 in 
Rg. 6H to form the control gate electrodes of th 
transistor structures. 

Thereafter, as shown in Fig. 1 61, a second 
doped poiysificon (Poly 2) layer 40 is deposited by 

15 chemical vapour deposition (CVD) over the surface 
of the substrate and over the control gate 38 with 
the oxide 39 electrically insulating the Poly 2 layer 
from the gate electrode 38. The Poly 2 layer is 
thicker around the periphery of the Poly 1 fines and 

20 the control electrodes 38 due to the conforming 
nature of the CVD deposition. 
~~ An anisotropic reactive ion plasma etch (RIE) is 
employed to remove the Pory 2 layer from over the 
control electrodes. However, the etch is limited in 

25 time so that the thicker Poly 2 layer around the 
periphery of the control electrode 38 remains as 
shown at 41 in Rg. 6J. This remaining Poly 2 layer 
becomes the filament floating gate electrode 20 of 
the cell. In Fig. 6K, a second mask is employed to 

30 remove the Poiysificon 2 layer 40 between the 
adjacent transistors along the Poly 1 strips inter- 
connecting gate electrodes of adjacent transistors. 

Finally, the source and drain regions are 
formed in the active transistor areas by implanta- 

35 tion and subsequent diffusion of two n-type dop- 
ants, arsenic and phosphorus. The concentration of 
arsenic is greater than the concentration of phos- 
phorus, and in a subsequent heat treatment follow- 
ing the 'implantation of the arsenic and phosphorus, 

ao the phosphorus diffuses faster and causes a dop- 
ant concentration profile as illustrated in Rg. 6L 
The arsenic comprises the n+ region of the source 
and drain and the phosphorus comprises the n- 
portion of the source and drain. The lateral cfrffu- 

45 sion of the phosphorus causes overlap of the 
source and drain regions with the filament elec- 
trodes, as is necessary in programming and eras- 
ing each transistor cell. Further, the dopant con- 
centration profile provided by the n + arsenic and 

so n- phosphorus regions permits higher gate-assisted 
breakdown for erasing a programmed transistor. As 
noted above, voltages as high as 15 volts are 
necessary for effecting the gate-assisted break- 
down for flash erase, and the dopant profile permits 

55 the p-n junction between the source and drain 
contacts with the n- chann I region to withstand the 
high reverse bias voltag . An abrupt n + /p- junction 
could not withstand the high voltages and would 
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break down at 10-12 volts. 

The symmetrical structure of the flash EP ROM 
cell illustrated in Fig. 1 permits programming and 
erasing of the cell from either the source or drain 
of the transistor. However, an asymmetrical cell 
structure can be provided by retaining the poly- 
silicon 2 [Poly 2] filament on only one side of the 
control gate electrode. This is illustrated in the side 
view of an alternative embodiment of Fig. 7. In this 
embodiment the n+ source 50 and n+ drain 51 
are again formed in a p- substrate 52 with the 
control gate electrode 54 formed by Poly 1 ma- 
terial and the floating filament electrode 56 formed 
by a Poly 2 layer similar to the structure of Fig. 1 . 
However, the Poly 2 is removed by etchant except 
from the one side of the control gate electrode. 

Rg. 8 is a plan view of the cell and shows the 
filament electrode 56 provided on only one side of 
the control gate electrode 54 and overlapping only 
the drain 51. Fig. 9 is an electrical schematic in 
which the Poly 1 control gate electrode 54 and the 
Pory 2 filament electrode 56 control serially-con- 
nected portions of the channel region between the 
source and drain. 

In this asymmetrical cell structure, the source 
and drain electrodes must be interchanged be- 
tween a READ mode and a programming or erase 
mode. Accordingly, the cells of memory array are 
preferably aligned in an "X" matrix as shown in 
Fig. 10. During programming, 7 volts are applied to 
the drain, 12 volts are applied to the control gate, 
and the source is grounded for the selected cell 
while the source is allowed to float for the non- 
selected cells. This injects electrons to the floating 
filament electrode and raises the V t of the under- 
lying channel region. Other non-selected cells have 
either floating source fine or filament on the source 
side and are not affected by this operation. During 
an erase operation, the drain is raised to 23 volts, 
the control gate is grounded, and the source is 
allowed to float Hole injection to the floating elec- 
trode occurs by gate-assisted avalanche break- 
down. During a READ operation, the drain is 
grounded, 1 volt is applied to the source, and 3 
volts are applied to the control gate. If the cell is 
programmed for a "0" (no current flow), the V, of 
the transistor will be 4 + volts. On the other hand, if 
the cell is programmed for a "1 " (current flow), V t 
is 0.5 vott 

There has been described a flash EP ROM cell 
which is small in structure (as compared with an 
EEPROM cell) in which a polysificon 1 material 
forms a control gate and a polysificon 2 layer, 
generally coplanar with polysificon i layer, forms a 
floating filament gate electrode. Since the channel 
regions underlying the control gate and the filament 
gate are in series, the transistor cell cannot go to a 
depletion mode even when the floating gate is in a 



depletion mode. In the symmetrical eel! structure, 
the drain and source regions need not be reversed 
between programming mode and a READ mode. 
Importantly, programming of the cell is accom- 
5 plished by hot electron channel current injection 
and erasure is accomplished by gate-assisted 
breakdown hole injection. No tunnelling oxide is 
required, thus simplifying the fabrication process. 



Claims 

1. A flash EPROM cell comprising a semicon- 
ductor body having a surface region of one con- 

75 ductivity type, first and second doped regions of 
opposite conductivity type formed in said surface 
region, said first and second regions being spaced 
and forming source and drain regions of said ceil 
with the surface region therebetween forming a 

20 channel region of said cell, an insultative layer over 
said channel region, a control gate contact posi- 
tioned on said insulative layer between said source 
and drain regions, and a floating gate contact posi- 
tioned on said insulative layer between said source 

25 and drain regions, said floating gate contact being 
spaced from and generally coplanar with said con- 
trol gate contact and overlapping at least one of 
said source and drain regions. 

2. A cell as claimed in Claim 1, wherein said 
30 control gate contact is formed from a first doped 

porycrystaHine silicon layer and said floating gate 
contact is formed from a second doped poly- 
cry staMine silicon layer. 

3. A ceil as claimed in Claim 1 or Claim 2, 
35 wherein said floating gate contact is adjacent to 

opposing sides of said control gate contact 

4. A cell as claimed in Claim 3, wherein said 
floating gate contact overlaps both of said source 
region and said drian region, said cell being sym- 

40 metrical in structure and in application. 

5. A cell as claimed in Claim 4, wherein said 
floating gate contact at least partially surrounds the 
periphery of said control gate contact 

6. A cell as claimed in Claim 4, wherein said 
45 floating gate contact includes a bridge portion over 

said control gate contact which interconnects said 
floating gate contact on opposing sides of said 
control gate contact 

7. A cell as claimed m any preceding claim, 
so wherein at least one of said source region and said 

drain region includes different concentrations of 
dopants of said opposite conductivity type. 

8. A cell as claimed in Claim 7, wherein said 
concentrations of dopants include arsenic forming 

55 an n+ dopant concentration and phosphorus for- 
ming an n- dopant concentration. 

9. A cell as claimed in Claim 11 or Claim 2, 
wherein said floating gate contact is adjacent to 
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one side of said control gate contact and overlaps 
said drain region. 

10. A method of making a flash EPROM cell, 
comprising the steps ot- 

a) defining an active transistor region in the 
surface of a semiconductor body of a first con- 
ductivity type; 

b) forming an insulative layer over the sur- 
face of said active transistor region; 

c) forming a control gate electrode on said 
insulative layer in an intermediate portion of said 
active transistor region; 

d) forming an insulative layer over said con- 
trol gate electrode; 

e) forming a floating gate electrode adjacent 
to and generally coplanar with said control gate 
electrode on said insulative layer; and 

f) forming source and drain regions in said 
active transistor region, said source and drain re- 
gions being spaced apart by a channel region, said 
control gate electrode and said floating gate elec- 
trode overlying said channel region. 

12. A method as claimed in Claim 10 or Claim 
11, wherein step f) includes introducing arsenic and 
phosphorus into at least said drain region, said 
arsenic forming an n+ region and said phosphorus 
forming an n- region. 

13. A method of making a flash EPROM cell in 
a silicon body comprising the steps ot> 

a) defining an active transistor region in said 
silicon body by growing a field silicon oxide layer 
around the active transistor region; 

b) growing a silicon oxide layer over said 
active transistor region; 

c) depositing a first doped poly silicon layer 
over said active transistor region; 

d) etching said first doped polysificon layer 
to form a control gate electrode in an intermediate 
portion of said active transistor region; 

e) oxidising the surface of said control gate 
electrode; 

f) depositing a second doped porysittcon lay- 
er over said active transistor region and over said 
control gate electrode; 

g) removing said second doped polysificon 
layer by etching except adjacent to at least one 
side of said control gate electrode thereby forming 
a floating gate electrode adjacent to said control 
gate electrode; and 

h) forming source and drain regions in said 
active transistor region, said source and drain re- 
gions being spaced apart by a channel region, said 
control gate eiectrod and said floating gat elec- 
trode overlying said channel region. 

14. A method as claimed in Claim 13, wherein 
step g) forms a floating gate electrode on opposing 
sides of said control gate eiectrod . 

15. A method as claimed in Claim 14, wherein 



said floating gate electrode is around the periphery 
of said control gate electrode. 

16. A method as claimed in Claim 13, wherein 
step g) forms a floating gate electrode on only one 

5 side of said control gate electrode. 

17. A method as claimed in any one of Claims 
13 to 16. wherein step h) includes introducing 
arsenic and phosphorus - into at least said drain 
region, said arsenic forming an n + region and said 

io phosphorus forming ah n- region. 
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© Rash EPROM cell and method of making such celL 



© A flash EPROM cell is fabricated using a two 
polysilicon enhancement mode n-channel transistor 
process. An active transistor region is formed in a 
silicon substrate (14) by growing a field oxide (16) 
around the region. A first polysilicon layer is depos- 
ited, etched, and oxidised to form an insulated con- 
trol gate electrode (1 8). A second polysilicon layer is 
deposited over the active transistor region and the 
control gate electrode (18) and then anisotropicaliy 
etched to remove all of the second poh/silicon ma- 
terial except for a filament (20) adjacent to the con- 




trol gate electrode (18). which forms a floating gate 
electrode (20). Source and drain regions (10, 12) are 
formed in the active transistor region with the control 
gate electrode (18) and the floating gate electrode 
(20) positioned over the channel region interconnec- 
ting the source and drain regions. The cell is pro- 
grammed by hot electron channel current injection 
by proper voltage biasing of the control gate elec- 
trode (18) and drain (12). The cell can be either 
symmetrical or asymmetrical depending on the con- 
figuration of the floating gate filament electrode (20). 
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